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(57) ABSTRACT

An aqueous solution containing divalent 1ron ions having
improved storage stability such that the oxidation over time of
divalent iron 10ns 1n the aqueous solution containing divalent
iron 1ons to trivalent 1ron 1ons 1s suppressed and the occur-
rence of the precipitation of 1ron (III) hydroxide 1s prevented
for long periods. The aqueous solution contains divalent 1ron
ions having improved storage stability characterized in that 1t
contains divalent iron 1ons and a hydroxylamine salt as a
reducing agent and has a pH of 3.0 or lower. The pH 1s
preferably 2.2 or lower and more preferably 1.2 or lower.

8 Claims, No Drawings
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AQUEOUS SOLUTION CONTAINING
DIVALENT IRON IONS

TECHNICAL FIELD

The present mnvention relates to an aqueous solution con-
taining divalent 1iron 1ions having improved storage stability.

BACKGROUND ART

When an aqueous solution containing divalent iron 10ns 1s
lett over, divalent 1iron 1ons are oxidized to be trivalent iron
ions and 1ron (III) hydroxide 1s precipitated.

The precipitation of iron (I111) hydroxide 1n an alloy plating
solution containing divalent iron 1ons may be suppressed for
example by a method 1n which a compound capable of form-
ing stable complex 1ons with trivalent 1ron 1ons such as a
dicarboxylic acid 1s added (Patent document 1). By adding a
dicarboxylic acid such as malonic acid and adjusting the pH
to 1.5, trivalent 1iron 10ns are stabilized as complex 10ns and
occurrence of the precipitation 1s suppressed.

However, although the above complexing agent can sup-
press occurrence of the precipitation, it cannot suppress 0xi-
dation of divalent iron 10ons to trivalent iron 1ons. As a result,
when 1t1s used 1n a plating solution, a plating film being stable
in composition could not be obtained because the quantities
of electricity required for deposition of divalent and trivalent
ions are different.

It has been also known that an addition of a reducing agent
can suppress production of trivalent iron 1ons. For example, 1n
Patent document 2, a reducing agent such as L-ascorbic acid
and gallic acid 1s added to an 1ron group alloy plating solution
containing divalent 1ron 10ns and the pH 1s adjusted to 1 to 3,
in order to suppress production of trivalent iron 1ons.

However, production of trivalent iron 1ons could not be
suificiently suppressed even with the reducing agent such as
[-ascorbic acid, as mentioned above.

PRIOR ART DOCUMENTS

Patent Documents

Patent document 1: Japanese Patent Publication No.
7-180081 A

Patent document 2: Japanese Patent Publication No.
7-233494 A

SUMMARY OF INVENTION

Problems that the Invention 1s to Solve

An object of the present invention 1s to provide an aqueous
solution contaiming divalent 1ron ions having improved stor-
age stability such that oxidation over time of divalent 1ron
ions 1n the aqueous solution containing divalent 1ron 101ns to
trivalent 1ron 1ons 1s suppressed and occurrence of the pre-
cipitation of iron (III) hydroxide 1s prevented for long periods.

Means for Solving the Problems

The present inventor has carried out extensive studies and
tound that the above problem can be solved by using a specific
reducing agent and adjusting pH to a specific range to accom-
plish the present mnvention.

Thus, the present invention provides the followings:

(1) an aqueous solution containing divalent iron 1ons which
consists of divalent 1ron 10ns, a hydroxylamine salt as a reduc-
ing agent and water and has a pH of 3.0 or lower;

(2) the aqueous solution containing divalent iron 1ons
according to the above (1), wherein the pH 1s 2.2 or lower;
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2

(3) the aqueous solution containing divalent 1ron ions
according to the above (1) or (2), wherein the pH 1s 1.2 or
lower:;

(4) the aqueous solution containing divalent 1ron ions
according to any one of the above (1) to (3), wherein a con-
centration of the divalent 1ron 1ons 1s 10 to 850 mmol/L and a
concentration of the hydroxylamine salt1s 1/100 or more as a
molar ratio to that of the divalent iron 10ns;

(5) the aqueous solution containing divalent 1ron ions
according to any one of the above (1) to (4), wherein the
aqueous solution further includes a pH adjusting agent to
have the pH o1 3.0 or lower; and

(6) the aqueous solution containing divalent 1ron ions
according to any one of the above (1) to (5), wherein the
aqueous solution further includes a complexing agent.

Advantageous Effects of Invention

According to the present invention, oxidation of divalent
iron 10ns 1n the aqueous solution containing a high concen-
tration of divalent 1ron 10ns can be suppressed and occurrence
of the precipitation of 1ron (III) hydroxide can be prevented,
so that storage stability thereof 1s improved. Accordingly, the
obtained aqueous solution containing divalent 1ron 10ns can
be stored stably for long periods.

The aqueous solution containing divalent iron 10ns of the
present mnvention can be used as an 1ron source concentrated
solution for 1rron-containing alloy plating such as nickel-iron
alloy plating, or an iron 1on supplementary solution for an
iron-containing alloy plating solution. The use of the concen-
trated solution may reduce transportation costs. In addition,
an aqueous solution containing divalent 1ron 10ns at a desired
concentration can be obtained merely by diluting the concen-
trated solution with water, thus the initial make-up of the bath
1s Tfacilitated compared to the case where powder 1s dissolved.

MODE FOR CARRYING OUT THE INVENTION

When an aqueous solution containing divalent 1ron 10ns 1s
left over, divalent 1ron 1ons are oxidized to be trivalent iron
ions and 1ron (I11) hydroxide 1s precipitated. It has been found

that addition of a reducing agent 1s etlective for suppressing
oxidation of divalent iron 10ns, which 1s particularly hydroxy-
lamine salts (1norganic acid salts of hydroxylamine such as
hydroxylamine hydrochloride, hydroxylamine sulfate,
hydroxylamine nitrate, hydroxylamine phosphate and
hydroxylamine carbonate; and organic acid salts of hydroxy-
lamine such as hydroxylamine oxalate and hydroxylamine
acetate), with morganic acid salts of hydroxylamine being
more elfective among others and addition of hydroxylamine
sulfate being particularly etffective.

It 1s also 1mportant that the aqueous solution containing
divalent 1ron 10ns has a pH of 3 or lower, preferably 2.2 or
lower and more preferably 1.2 or lower. By reducing the pH,
spontaneous decomposition of the hydroxylamine salt 1s sup-
pressed, so that the suppression effect of oxidation of divalent
iron 10ns 1s enhanced. By reducing the pH, solubaility of the
iron 1ons are also increased, so that the precipitation of
hydroxides occurs less, even when divalent iron 1ons are
oxidized to trivalent 1ron 10ns. Thus, a lower pH 1s preferable
in terms of storage stability. When the pH exceeds 3, divalent
iron 1ons are immediately oxidized and the precipitation of
iron (I11) hydroxide occurs, deteriorating the storage stability
of the aqueous solution.

The aqueous solution containing divalent iron 10ns of the
present invention can be obtained by dissolving a divalent
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iron 1on source compound and a hydroxylamine salt as a
reducing agent in water and adjusting the pH to 3 or lower.

The divalent 1ron 10n source compound may include 1ron
(II) sulfate, iron (II) chloride and the like.

A pH-adjusting agent may include sulfuric acid, hydro-
chloric acid, sodium hydroxide, potassium hydroxide, tet-
ramethylammonium hydroxide and the like.

The aqueous solution containing divalent iron 1ons of the
present mvention may comprise, in addition to the divalent
iron 10n source compound and the hydroxylamine salt, a
complexing agent such as tartaric acid and gluconic acid.

The concentration of divalent iron ions in the aqueous
solution of the present invention i1s preferably 10 to 8350
mmol/L. The upper limit of 850 mmol/L corresponds to the
saturated solubility 1n water at 25° C. In view of the applica-
tions as the 1ron source concentrated solution for 1ron-con-
taining alloy plating such as a mickel-iron alloy plating solu-
tion and as an 1ron 1on supplementary solution, the
concentration of divalent iron 10ns 1n the aqueous solution of
the present invention 1s preferably 10 mmol/L or more.

The amount of the hydroxylamine salt to be added 1s pret-
erably 1/100 or more as a molar ratio relative to divalent iron
ions, 1n view of the suppression effect of oxidation of divalent
iron 1ons. Basically, the higher the concentration of the
hydroxylamine salt 1s, the higher the suppression effect of
oxidation of divalent 1ron 101ns 1s.

The aqueous solution of the present invention can be used
as an 1ron source such as an iron source concentrated solution
for an rron-containing alloy plating solution such as a nickel-
iron alloy plating solution, and an 1ron 10on supplementary
solution. In these cases, when the residual concentration of
the reducing agent relative to divalent iron 1ons 1s high, the
composition of iron 1s decreased 1n the resulting plating film.
With decomposition of the hydroxylamine salt, the 1ron con-
tent 1n the plating film 1s gradually increased, so that varia-
tions 1n the composition of 1ron 1n the plating film are
increased when the amount of the reducing agent 1s too high.
Thus, when the solution 1s used as an iron-containing alloy
plating solution, the concentration of the hydroxylamine salt
1s more preferably 1/100 to 1/2 as a molar ratio relative to that
of divalent 1ron 10ns.

The 1ron-containing alloy plating solution for which the
aqueous solution containing divalent 1ron 10ns of the present
invention can be used as an iron 1on source such as an 1ron
source concentrated solution and an iron 10on supplementary
solution may include nickel-iron alloy plating solutions,
cobalt-iron alloy plating solutions, nickel-cobalt-iron alloy
plating solutions and the like.

For instance, when the aqueous solution of the present
invention 1s used as an 1ron source concentrated solution for a
nickel-1ron alloy electroplating solution, the aqueous solution
of the present invention 1s diluted with water to adjust the
concentrations of iron 1ions and the hydroxylamine salt as well
as the pH, and a nickel salt, an electroconductive salt, a pH
buffer, an additive and the like are added to obtain the nickel-
iron alloy electroplating solution.

When the aqueous solution of the present invention 1s used
as an 1ron source concentrated solution for a nickel-1ron elec-
troplating solution, the aqueous solution containing divalent
iron 1ons 1s diluted with water to adjust the concentration of
divalent 1ron 10ns to 4 to 18 mmol/L, and the pH 1s further
adjusted to 2.5 to 3.0, thereby preparing the nickel-1ron alloy
clectroplating solution; this 1s preferable because the 1ron
content 1n the plating film can be 18% by mass or more. The
concentration of the hydroxylamine salt i1s preferably
adjusted to 1/100 to 1/2 as a molar ratio relative to that of
divalent 1ron 1ons, more preferably 1/25 to 1/2. When the
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concentration of divalent iron 1ons 1s lower than 4 mmol/L,
the 1ron content 1n the plating films obtained during plating
can not be 18% by mass or higher, thus soft magnetic films
can not be obtained. When 1t 1s higher than 18 mmol/L, the
required amount of the hydroxylamine salt 1s increased; thus,
when the concentration of the hydroxylamine salt 1s too high,
the 1ron content 1n the plating films obtained during plating
tends to be decreased. With decomposition of the hydroxy-
lamine salt, the 1ron content in the plating films 1s gradually
increased; thus in order to maintain the iron content at a
constant level, the concentration of the iron 1on 1n the plating
solution and stirring speed need to be altered. Accordingly,
the conditions for plating need to be changed all the time,
rendering plating procedures complicated.

When the aqueous solution of the present invention 1s used
as an 1ron ion supplementary solution for iron-containing
alloy plating, the aqueous solution of the present invention
may be diluted with water to adjust the concentrations of 1rron
ions and the hydroxylamine salt as well as the pH.

By using the aqueous solution of the present invention as an
iron ion source such as an iron source concentrated solution
for iron-containing alloy electroplating or an iron 1on supple-
mentary solution, transportation costs are decreased. In addi-
tion, an aqueous solution containing divalent iron 1ons at a
desired concentration can be obtained by merely diluting the
aqueous solution of the present invention with water, thereby
the 1ni1tial make-up of the bath 1s facilitated compared to the
case where a powder 1s dissolved.

EXAMPLES

The present mvention 1s now illustrated by means of
examples.

Examples 1 to 5

An aqueous solution of 1ron (II) sulfate heptahydrate was
added with hydroxylamine sulfate with compositions
described 1n Table 1, the pH was adjusted with sulfuric acid
and then the solution was left at room temperature (20 to 25°
C.). The number of days required for the occurrence of the
precipitation of wron (III) hydroxide was determined. The
results are summarized 1n Table 1.

TABLE 1
Number of
days
required for
Concen- Concen- occurrence of
tration of tration of precipitation
iron (II) reducing at room
sulfate Reducing agent temperature
(mmol/L) agent (mmol/L) pH (days)
Example 1 360 Hydroxylamine 18 2.0 >1 year
sulfate
Example 2 360 Hydroxylamine 36 1.0 >1 year
sulfate
Example 3 360 Hydroxylamine 36 2.0 >1 year
sulfate
Example 4 110 Hydroxylamine 11 2.7 >1 year
sulfate
Example 5 13 Hydroxylamine 1.3 2.7 >1 year
sulfate

Examples 6 to 8 and Comparative Examples 1 to 5

A 360 mmol/L (100 g/L) 1ron (II) sulfate heptahydrate
aqueous solution was added with various reducing agents as
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shown 1n Table 2 at 36 mmol/L, the pH was adjusted with
sulfuric acid and then the solution was left at room tempera-
ture (20 to 23° C.). The number of days required for the
occurrence of the precipitation of iron (III) hydroxide was
determined. The results are summarized 1n Table 2.

TABLE 2
Number of
days
required for
Concen- Concen- occurrence of
tration of tration of precipitation
iron (II) reducing at room
sulfate Reducing agent temperature
(mmol/L) agent (mmol/L.) pH (days)
Example 6 360 Hydroxylamine 36 2.7 186
sulfate
Example 7 360 Hydroxylamine 36 2.7 105
hydrochloride
Example 8 360 Hydroxylamine 36 2.7 90
nitrate
Comparative 360 L (+)-ascorbic 36 2.7 29
Example 1 acid
Comparative 360 Hypo- 36 2.7 18
Example 2 phosphorous
acid
Comparative 360 D (+)-glucose 36 2.7 3
Example 3
Comparative 360 None — 2.7 0
Example 4
Comparative 360 Hydroxylamine 36 4.0 0
Example 5 hydrochloride

When a hydroxylamine salt was used as a reducing agent
and the pH was adjusted to 2.7 (Examples 6 to 8), no precipi-
tation occurred for periods as long as 90 days or more. Other
than these, the precipitation occurred within 30 days. In case
when the pH was 4.0, the precipitation immediately occurred

even when hydroxylamine was added (Comparative Example
S).

Examples 9 and 10 and Comparative Example 6

A 360 mmol/LL (100 g/L) 1ron (II) sulfate heptahydrate
aqueous solution was added with hydroxylamine sulfate at 18
mmol/L, the pH was adjusted to 2.0 with sulfuric acid and
then the solution was maintained at 60° C. (Example 9). A 13
mmol/L (3.5 g/L) 1ron (1) sulfate heptahydrate aqueous solu-
tion was added with (Example 10) or without (Comparative
Example 6) hydroxylamine sulfate at 1.3 mmol/L, the pH was
adjusted to 2.7 with sulfuric acid and then the solution was

maintained at 60° C. The number of days required for the
occurrence of the precipitation of ron (III) hydroxide was
determined. The results are summarized 1n Table 3.

TABLE 3
Number of
Concen- Concen- days
tration of tration of required for
iron (II) reducing occurrence of
sulfate Reducing agent precipitation
(mmol/L) agent (mmol/L) pH at60°C. (days)
Example 9 360 Hydroxylamine 18 2.0 42
sulfate
Example 10 13 Hydroxylamine 1.3 2.7 20
sulfate
Comparative 13 None — 2.7 1
Example 6
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When hydroxylamine sulfate was not added, the precipita-
tion occurred after one day, while when hydroxylamine sul-
fate was added, the precipitation was not produced until day
20. When the pH was reduced to 2.0, the number of days
required for the occurrence of precipitation was extended to
42 days, even when the concentration of iron sulfate was
relatively high.

Comparative Examples 7 to 9

A 360 mmol/L (100 g/L) 1ron (II) sulfate heptahydrate

aqueous solution was added with various complexing agents
as shown 1n the following Table 4 at 36 mmol/L, the pH was
adjusted to 2.7 with sulfuric acid and then the solution was
maintained atroom temperature (20to 25° C.). The number of
days required for the occurrence of the precipitation of iron

(III) hydroxide was determined. The results are summarized
in Table 4.

TABLE 4
Number of
days
required for
Concen- Concen- occurrence of
tration of tration of precipitation
iron (II) complexing at room
sulfate Complexing agent temperature
(mmol/L) agent (mmol/LL) pH (days)
Comparative 360 Malonic acid 36 2.7 45
Example 7
Comparative 360 Succinic acid 36 2.7 1
Example 8
Comparative 360 Adipic acid 36 2.7 8
Example 9

Examples 11 and 12

A 110 mmol/L (30 g/L) iron (I1I) sulfate heptahydrate aque-
ous solution was added with hydroxylamine sulfate at 11
mmol/L, the pH was adjusted to 2.0 (Example 11) or 1.0
(Example 12) with sulfuric acid and then the solution was left
at room temperature (20 to 25° C.). No precipitation occurred
in either solution after 180 days. Theratio of divalent iron 10ns
relative to total 1rron 1ons 1n the solutions and the residual ratio
of the reducing agent relative to the 1nitial concentration of
the reducing agent were determined. The results are summa-
rized in Table 3.

The ratio of divalent iron 10ns 1n the solution after 180 days
at room temperature was calculated from the following
respective values. The concentration of divalent 1ron 1ons in
the aqueous solution was measured by absorbance measure-
ments utilizing the fact that 1,10-phenanthroline forms a
complex with Fe** to develop a red color. The total iron ion
concentration was measured by converting all the 1ron 10ns 1n
the solution to divalent 1ons by adding a hydroxylamine salt in
excess and measuring the concentration thereof in a similar
manner as above.

The concentration of the reducing agent was measured by
adding to the aqueous solution a Tris-hydrochloride builer, an
cthanol solution of 8-quinolinol and an aqueous solution of
sodium carbonate, mixing them thoroughly, and measuring
the absorbance at 707 nm. The residual ratio of the reducing
agent aifter 180 days at room temperature relative to the mnitial
concentration of the reducing agent was obtained by measur-
ing the reducing agent concentrations immediately after and
180 days after preparation of the aqueous solution containing
divalent iron 10ns 1n a manner described above and dividing
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the concentration of the reducing agent after 180 days by the
concentration of the reducing agent immediately after prepa-
ration.

TABLE 35
Residual
ratio of
Fe2+/Fe reducing
total agent
Concentra- Concentra- after  after 180
tion of tion of 180 days days at
iron (II) reducing at room  room
sulfate Reducing agent temper- temper-
(mmol/L) agent (mmol/L) pH  ature ature
Example 11 110 Hydroxyl- 11 2.0  90% 20%
amine
sulfate
Example 12 110 Hydroxyl- 11 1.0 82% 80%
amine
sulfate

The divalent 1ron 1on ratio after 180 days were as high as
80% or more in either solution, while the solution of pH 2.0
had a higher value. On the other hand, the residual ratio of the
reducing agent after 180 days was as high as 80% for the
solution of pH 1.0, while 1t was as low as 20% for the solution
of pH 2.0.

These solutions were diluted with water to the concentra-
tion of divalent 1ron 10ns of 11 mmol/L, so that a nickel-iron
alloy electroplating solution was obtained (plating solution
compositions: 168 mmol/L nickel (II) chloride; 76 mmol/L
nickel (II) sulfate; 11 mmol/L 1ron (II) sulfate; 404 mmol/L
boric acid; 187 mmol/l. ammonium chloride; 5.5 mmol/L
saccharin; pH 2.7 (sulfuric acid)), which was used for elec-
troplating at a bath temperature of 25° C., a cathode current
density of 1.5 A/dm* and plating time of 20 minutes, with an
clectrolytic nickel sheet being used as an anode. The concen-
tration of hydroxylamine sulfate i the plating solution was
the same as the concentration in the 1ron (II) sulfate storage
solution after 180 days, 1.e. no hydroxylamine sulfate was
added. Because the solution of pH 2.0 had a low reducing
agent concentration, oxidation of iron 1ons was facilitated
during plating, so that the precipitation occurred after a few
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times of plating. On the other hand, because the solution of
pH 1.0 had a high reducing agent concentration, oxidation of
iron 10ns was suppressed also during plating, thus no precipi-
tation occurred after more than a dozen times of plating.
Theretfore, when the solution 1s used as a starting material for
nickel-iron alloy electroplating without the addition of a
reducing agent, a lower pH of the solution allows the prepa-
ration of a more stable plating solution. When the solution 1s
stored at a high pH of around 2.0 and the concentration of a
reducing agent 1s decreased, the reducing agent may be added
at the time of preparation of a plating solution; by adjusting
the concentration of the reducing solution, a more stable
solution can be prepared.

The mvention claimed 1s:

1. An aqueous solution containing divalent 1ron 10ns, hav-
ing a pH of 3.0 or lower and consisting of a divalent 1ron 10n
source compound, a hydroxylamine salt as a reducing agent,
a pH adjusting agent and water.

2. The aqueous solution containing divalent i1ron 1ons
according to claim 1, wherein the pH 1s 2.2 or lower.

3. The aqueous solution containing divalent i1ron 1ons
according to claim 1, wherein the pH 1s 1.2 or lower.

4. The aqueous solution containing divalent i1ron 1ons
according to claim 1, wherein a concentration of the divalent
iron 1ons 1s 10 to 850 mmol/LL and a concentration of the
hydroxylamine salt 1s 1/100 or more as a molar ratio to that of
the divalent 1ron 10ns.

5. An aqueous solution containing divalent iron ions, hav-
ing a pH of 3.0 or lower and consisting of a divalent 1ron 10n
source compound, a hydroxylamine salt as a reducing agent,
a pH adjusting agent, a complexing agent and water.

6. The aqueous solution containing divalent iron ions
according to claim 5, wherein the pH 1s 2.2 or lower.

7. The aqueous solution containing divalent i1ron 1ons
according to claim 5, wherein the pH 1s 1.2 or lower.

8. The aqueous solution containing divalent i1ron 1ons
according to claim 5, wherein a concentration of the divalent
iron 1ons 1s 10 to 850 mmol/LL and a concentration of the
hydroxylamine salt 1s 1/100 or more as a molar ratio to that of
the divalent 1ron 10ns.
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